A theorem concerning structure of the algebra of all local observables on the vacuum sector is proved in the framework of theory of local observables. §1. Introduction Ruelle/) Borchers 2 ) and Reeh and Schlieder 3 ) have obtained some theorems concerning· structure of the algebra of all local observables in the frame of conventional field theory. They use the assumptions of locality and spectrum condition and deal with the situation where there exists at least one cyclic vacuum. Many of their discussions can readily be carried through in the frame of theory of local observables. The purpose of the present paper is to systematize and generalize the aforementioned results in the frame of theory of local observables.
§1. Introduction

Ruelle/) Borchers
) and Reeh and Schlieder
3
) have obtained some theorems concerning· structure of the algebra of all local observables in the frame of conventional field theory. They use the assumptions of locality and spectrum condition and deal with the situation where there exists at least one cyclic vacuum. Many of their discussions can readily be carried through in the frame of theory of local observables. The purpose of the present paper is to systematize and generalize the aforementioned results in the frame of theory of local observables.
Any von Neumann algebra 4 ) has a canonical reduction into factors according to the spectrum of its center. We prove that the canonical reduction of the algebra of all local observables also reduces the translation unitary operators.
A vacuum sector is defined to be any reduced space in this reduction which contains at least one translationally invariant vector. We prove that the algebra of all local observables is a factor of type I with a unique vacuum state in any vacuum sector. Our main physical conclusion is essentially that the unique vacuum and irreducible algebra of all local observables are the most general situation of interest as far as the existence of a vacuum in the theory is desired. §2. Preliminaries We denote a bounded domain in 4 dimensional Minkowski space generally by B, the von Neumann algebra of local observables in a region B by R (B), the algebra of all local observables by R== (UR(B))", (1) B and the unitary representation of the translation group by T(x) where x is a 4-vector representing the amount of translation.
The operators T(x) have a common spectral decomr:osition
T(x) = ~ei(x,p)E(dp), (2) where (x, p) =x 0 p 0 -bx;p; and E(£1) for any 4 dimensional Eorel set .t1 is a spectral proiection (of the energy momentum).
Throughout the paper, we assume the covariance under translation
T(x)R(B) T(x)-1 =R(B+x),
where B + x is the set of y -+-x for all y in B. In the proof of Proposition 3, we use a lemma proved by Borchers.
)
Lem1na. Let x be an arbitrary 4-vector and 7Jf' be an arbitrary vector in the Hilbert space H Then
;\-;.ex>
Here 0 denotes the origin of the energy momentum spectrum. 1) ) is a member).
In §4, we make an analysis of U(L) on the vacuum sector. Proof Let H(il) =E(il)~I. Let (f;(p) be a function of the class g) and cp(x) = ~e-cp.x)(p(p)dp. Let S be an operator in R=nR'= and We have
for any Borel set L1 where supp. q; denotes the support of q;. Because of (4) Let SER'cx, and QERoo.
Any matrix element of either side, considered as a function of x, is the Fourier transform of a (complex) measure, whose support must be in the intersection of the forward cone V+ and the backward cone V-, namely the origin, on account of spectrum condition. Hence (11) is a constant of x. Because RooH(O) is dense, we have --~
T(x)SE(O) = T(O)SE(O) =SE(O). (12)
Namely S(x) is constant in x on H(O) and hence on R=H(O). Therefore S(x) is constant and S commutes with T(x
/'.. /'.. H=Hfi!)Hb, Roo=J:(R)@l, T(x) = T(x)a@T(x)b, t2=t2a@t2b, T(x)
RooH(O) =H). There is a unique abelian von Neumann subalgebra Ro of R'oo which commutes with every T(x) and whose restriction to H(O) coincides with (E(O)RooE(O))".
Proof. Let Ro be the von Neumann algebra generated by the projection F on the subspace R=FH where F runs over all projections of (E(O)RooE(O))". Since RooFH is an invariant set under Roo and T(x), F is in R'oo and commutes with T(x). If F1F2=0, R=F 1 H and R=F 2 H are orthogonal because Being a *-algebra containing 1, m is ultraweakly dense in m" and hence the self-adjoint elements of ~l is obviously ultraweakly dense in the self-adjoint elements of m". This implies that the former is strongly dense in the latter because of Theorem 1 (iv) in reference 4). If R= is a factor, then there exists a tensor product dec om position II= I-Ii591Ib, 17worem. Assume locality and spectrum condition. Consider the unique decomr:osition of R= into factors according to the spectrum of its center Z = · R=nR'cc: (24) Then T(x) 1s also reduced:
I-I. Araki
Furthermore, for all X such that H(O)x is nonzero, each Rx 1s a factor of type I and there is a tensor product decomposition:
T(a)x= T(a)x/5<)T(a)xh,
T(x) xa and T(x)xb satisfy the spectrum condition and f2x is the unique translationally invariant state in Hxa.
Proof First half is Proposition 1. Next, consider the factor Rx on Hx for a X such that H(O)x is not zero dimension. Consider the subspace Hxo=Rx-H(O)x.
The projection r on Hxo belongs to Rx' and commutes with all T(x)x. Since
Rx is a factor, its restriction Rxr on 1-Ixo is isomorphic to Rx and the restriction 
(L)xa and U(L)xaR(B)x U(L)x;=R(LB)x.
The case where L =(a, I) is already stated in Theorem (and in Proposition 1). Our interests lies in the case L = (0, A) .
Proof. Due to Theorem, we know that 
U( (a, A))= T(a) U(A(A)),
and the unitary operator U(A) defined by 
T(a)R(B) T(a)-
Let H~, T(a)E and R(B)s be copies of H, T(a) and R(B) indexed by ~E.G/Go and let S ( ~) be the identifying rna p from H to R. We then consider H= SRdp(~)ll2, 
satisfy the same set of properties.
(37) (38) A direct study of R+ or Rx is so to speak a simultaneous study of a number of physically unrelated theories and hence may have a complication which can be avoided by studying each R; (B) alone. It is then desired that we have some method of decomposing a given triplet H, R(B), U(L) into physically inriependent parts.
Our theorem can be viewed as a small step toward such a direction. If we disregard the homogeneous Lorentz group for the moment, then Proposition 1 gives a decomposition of a given triplet into a direct integral and as a bonus of this decomposition we may restrict our attention to the case where R= is a factor. (Actually, the decomposition is not perfect because there may be many ways of restricting (Z U R (B))" to R (B).) If we consider the homogeneous Lorentz H Araki group, then it may couple otherwise independent components.
We now restrict our attention to the components which contain at least one vacuum. In this case Theorem and its Corollary tell us that we have a further decomposition (including the homogeneous Lorentz group this time) and as a bonus we may restrict our attention to the case where a unique vacuum exists and Roo is irreducible. Roughly speaking, the uniqueness of the vacuum and the irreducibility of Roo is most general situation of interest as far as the existence of a vacuum is desired.
For this conclusion, we have assumed that every vector of 1-1(0) is invariant under U ( (0, A) ). It is likely that more general case can be decomposed into a direct sum or integral of components, each of which has the structure indicated in Remark of the previous section. The latter is reduced to the case with a unitary representation of a subgroup of (a, A), and with the unique yacuum and irreducible Roo .
As for the non-vacuum sector, the argument in reference 8) indicates that it can be reduced in some sense to the case with a vacuum.
As for the superselection rule, the conventional definition as the commutant of Roo is not suitable. This point will be discussed elsewhere. The case where there is a symmetry group of the theory other than the Poincare group will yield exactly the same situation as the proper Lorentz group (without the assumption of the in variance of vectors in H(O)),
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